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In this work we have studied the optical activity of chiral crystal
surfaces with polarized near-field scanning optical microscopy
(NSOM); our studies clearly demonstrated that polarized
NSOM can be utilized to determine chirality at crystal surfaces.

Chirality is a natural phenomenon, which differentiates an object
from its own mirror image. Chirality is of prime significance, as
most of the biological macromolecules have particular chirality
that is correlated with their biological activity. Many processes
used in chemical production involve solid surfaces and can be
made enantioselective by using chiral surfaces. In the past decades
chiral surfaces'” have received attention for their potential
applications in chiral selection such as in stereoselective chemical
synthesis, separation of chiral compounds, crystal growth, protein
adsorption, and optical activity. It is clear that measuring chirality
of surfaces is critical for further development of chiral surfaces for
various applications and to the basic understanding of the nature
of chirality. In recent years a variety of methods® have been
developed, which allow us to characterize the structures of chiral
surfaces and rationalize the interaction between adsorbate
molecules and chiral substrates. Those techniques include for
instance: low-energy electron diffraction (LEED), X-ray photo-
electron diffraction, chiral AFM,’ and STM,'® and electrochemical
oxidation."!

The direct optical activity measurements of chiral surfaces and
crystals by a polarimeter are practically difficult. This difficulty
was overcome using HAUP'>'"* (High Accuracy Universal
Polarimeter) which improved the errors resulting from birefrin-
gence in optical measurements and introduced an automatic data
analyzer. However actual HAUP measurements are not as simple
as routine polarimetry in solutions, since the optical properties,
including optical activity, show anisotropy for each crystal plane.
Other optical methods to examine chiral surfaces include
reflection-absorption infrared spectroscopy (RAIRS),"* second-
harmonic generation (SHG)' and polarimetry with optical
microscopy.'® However so far all experiments using polarized
light on chiral surfaces have been carried out on larger areas of a
few um and the characterization of chiral surfaces at submicronic
scale is very limited.

Here we report a new method for the determination of surface
chirality based on the use of polarized near-field scanning optical
microscopy (NSOM). Near-field optical microscopy'” ™ has been
a field of rapid growth in the past years that provided numerous
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examples of chemical surfaces and biological systems analysis
with high resolution of ca. 50 nm. The use of NSOM to perform
spectroscopic measurements such as emission, absorption and
transmission provides a rich set of tools to probe sample properties
at nano scale. In recent years polarization NSOM>*? techniques
have been developed to control the polarization properties in the
near field. Polarization-modulation NSOM can be used to gain
information about surfaces such as: liquid crystals organization,
thin film analysis, optical anisotropy, magneto-optical effects and
surface polarimetry. Polarization NSOM imaging can also aid in
distinguishing between real optical effects and those arising
from large topographical changes. Polarization-modulation
NSOM techniques have also been used to read, write, and
characterize single magnetic bits.

To investigate the chirality of surfaces we developed a new type
of reflection polarization NSOM as shown schematically in Fig. S1
(see supporting information). A laser source (4 = 488 nm) is used
as the light source; the light passes through a half wave plate to the
NSOM tip in a polarized state. The resulting linearly polarized
light is coupled into a bent single-mode optical fiber. In our
experiment we use NSOM tips with extinction ratios of 1 : 20. The
light emitted from the tip aperture and reflected from the sample is
collected by a microscope objective lens. The collected light then
travels up the microscope column where a circular analyzer is
inserted (dichroism mode) before the light reaches a photo-
multiplier tube. Experiments described here are performed in the
illumination reflection mode. In this geometry, linear polarized
light exits from the probe aperture vertically to the surface and
serves as the light source. After the near-field light interacts with the
chiral surfaces, the light scattered and reflected from the surfaces is
collected in the far field. After collection of the light, a polarization
analyzer with extinction ratio of 6000 : 1 is used to selectively
measure the transverse polarization component of the collected
light. We selected the minimum polarized light emerging from the
optical fiber as the zero point of polarization of the system.

To demonstrate the chiral discrimination capability of the
polarized NSOM, we must select model systems for chiral surfaces.
Generally, chiral surfaces™ can be produced by chiral templating
of organic molecules, derived from naturally chiral bulk crystalline
structures, and also produced from achiral bulk structures such as
metals. In this work, we chose chiral surfaces derived from
enantiomerically pure crystals of amino acids, namely L- or
D-histidine. Enantiomerically pure L- and D-histidine crystals were
grown onto Au (111) substrates from supersaturated solutions at
room temperature. Enantiomerically pure histidine crystals grown
on Au surfaces crystallized as prism shaped crystals with
approximate dimensions of ca. 10 pm as examined by scanning
electron microscopy (see Fig. 2B). In addition the X-ray diffraction
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patterns of the L- or D-histidine crystals on Au surfaces match the
ones reported in the literature.*

The enantiomerically pure D- and L-histidine were used as our
model system for chiral surfaces to demonstrate chiral detection by
polarized NSOM. We have to point out that although our model
for chiral surfaces is based on microsize crystals, the chirality
detection of the NSOM is obtained only from a depth of ca
300 nm of the chiral surfaces. Fig. 1 presents the NSOM polariza-
tion dependence of light reflected from the surfaces of L and D
crystals of histidine.

As one can see from Fig. 1 the intensity of light reflected from
the chiral surfaces as a function of the analyzer angle is sinusoidal
to a high degree of accuracy. Furthermore the two enantiomeric
crystals display approximately maximum reflection intensities at
opposite angles of rotation, namely analyzer angle. This type of
symmetrical optical behavior is characteristic for the optical
activity of enantiomers and it is observed for all analyzer angles.
For example, the maximum reflection intensity for the L crystals is
obtained at an analyzer angle of ca. 30° while the NSOM maxi-
mum reflection intensity for the D crystals is observed at ca. 150°
(corresponds to —30°). Those results demonstrate the capability
of our method to measure chirality at surfaces, which can be
employed for the determination of chirality of crystal surfaces.

We have to mention that the NSOM light polarization results
were not influenced by various crystal parameters such as:
morphology, crystal size, crystal thickness or orientation. Light
can also undergo polarization by reflection from surfaces
particularly for metallic surfaces; the extent to which polarization
occurs is dependent upon the angle at which the light approaches
the surface and upon the material which the surface is made of.
However since in our work the polarization dependence of the Au
(111) surface is set as the reference point for zero polarization of
the system we can neglect those effects.

The ability to simultaneously acquire topography and NSOM
images is of great importance in correlation and study of chiral
surfaces. Fig. 2 shows line profiles of the NSOM reflection
intensity taken at the maximum analyzer angle (ca. 30°) and
topography as acquired over the same area of L-histidine crystal of
10 pm x 10 pm.

What is of most interest from those images is the lack of
correspondence between the optical polarization and topographic
data. As can be seen the topographic image indicates that the
crystal surface is topographically smooth. The total topographic
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Fig. 1 Line profiles of the reflection intensity of enantiomeric crystals of
histidine vs. analyzer degree (NSOM in reflection mode).
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Fig. 2 (A) NSOM and topography line profiles taken from the same
region of L-histidine crystal as indicated by vertical line indicated on the
images shown in C; (B) scanning electron microscope image of L-histidine;
(C) topography image; (D) polarized NSOM image taken at max.
reflection of 30°.

z-height variation is less than 4 nm and the noise of the topo-
graphic profile is less than 2 nm. In contrast to the topographical
results, the optical results reveal marked variation in the intensity
of the reflected light along the crystal. At the crystal edges the
intensity of the reflected light increases/decreases rapidly, probably
due to the orientation of the NSOM tip and the crystal surface.
However along the crystal plane we obtain optical reflection that is
different from that expected from a homogeneous chiral surface.
We should mention that in similar measurements done at different
analyzer angles, e.g. 80° and 120°, the same inhomogeneous
behavior of the reflected light was observed. The source of the
modification in the optical reflection along the crystal surfaces is
not clear to us yet but it may be due to a number of effects. For
instance, it is possible that the heat of the NSOM probe provides
enough thermal energy to cause the molecules on the surface to
rotate or even to evaporate. It should be mentioned that similar
results, namely optical modification in light reflection, that are
independent of topographic modification were reported in the case
of liquid crystal surfaces.”> Finally, in order to evaluate the
sensitivity of our method for the determination of chirality of
surfaces, we decided to measure chirality of self assembled
multilayers of chiral molecules. Chiral self assembled multilayers
of D- or L-cysteine on thin Au (111) films were prepared. Under
these experimental conditions we achieved well-defined chiral
multilayers with a thickness of approximately 5 layers (ca. 6 nm) as
confirmed by ellipsometry measurements. We were unable to
determine the surface chirality of those self assembled multilayers
using our NSOM method due to the low optical activity signal
reflected from those surfaces.

In this work we have studied the near-field optical response of
chiral crystal surfaces. Our studies clearly demonstrate that
polarized NSOM can be utilized to determine chirality at crystal
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surfaces. The sensitivity of this method allows us to measure
chirality of nanoscale objects and could be useful for chiral
identification of nanostructures. Furthermore, the possibility of
using NSOM to probe chirality can be applied in many other fields
in which the NSOM technique is used, such as polymers and
biological systems. Finally the possibilities to simultaneously
measure the optical and topographic images of chiral surfaces
and to study the correlation between those factors, open up the
possibility for very interesting research such as the optical
properties of prochiral surfaces.

We thank Nanonics Imaging Ltd and Prof. Aaron Lewis from
the Department of Applied Physics, Hebrew University of
Jerusalem, for useful discussions and help with the NSOM
measurements.
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